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Summary
Newborn Yorkshire and Ossabaw (feral) pigs were examined under thermoneutral conditions to determine whether survival rate during fasting differs between these breeds and whether any blood-borne factors are associated with improved survival 9 Newborn pigs were removed from the sow before suckling. Body composition was determined on 10 newborn Ossabaw and 12 newborn Yorkshire pigs. Another group of animals (eight Ossabaw, 12 Yorkshire) was fasted for 72 hr, with blood samples drawn at birth and 12 and 24 hr into fasting 9 Glucose, free fatty acid (FFA), growth hormone (GH), insulin, thyroxine (T4), triiodothyronine (T3), cortisol and glucagon concentrations were measured in plasma of fasted pigs. Concentrations of carcass lipid, dry matter and ash were higher in newborn Ossabaw pigs than in newborn Yorkshire pigs. Survival through 72 hr of fasting was lower among Yorkshire pigs. Yorkshire and Ossabaw pigs had similar concentrations of metabolites and hormones at birth, with the exceptions of lower plasma GH and higher T3 concentrations in Ossabaw pigs. Higher plasma T3 concentrations would indicate a greater potential for fatty acid oxidation. During fasting, Ossabaw pigs had lower plasma GH and T4 concentrations and higher glucagon and FFA concentrations 9 Increased survival among newborn Ossabaw pigs may have been due to increased availability of FFA during fasting, and to a greater potential for gluconeogenesis through increased oxidation of fatty acids and higher plasma glucagon concentrations. This would suggest
Introduction
The high rate of neonatal mortality constitutes a major loss to the swine industry (Pomeroy, 1960; Stanton and Carroll, 1974) . Baby pig mortality has been attributed to infection, chilling, poor nutrition and crushing (Stanton and Carroll, 1974) . These ultimate causes of death may be secondary to inadequate development of energy stores, prenatally, and inactive metabolic pathways, posmatally (Mersmann, 1974) .
Wild newborn pigs are more resistant to cold than domestic newborn pigs (Foley et al., 1971) . Improved thermoregulation in wild newborn pigs is due partly to extra pelage and to a more mature metabolic response to cold. In the present study, we examined feral Ossabaw (Martin et al., 1973) and domestic Yorkshire piglets under thermoneutral conditions to determine whether survival during fasting differs between these breeds and to determine whether any blood-borne factors are associated with improved survival.
Materials and Methods
Newborn pigs were removed from sows before suckling and bled via orbital puncture 9 Twelve newborn Yorkshire and eight newborn Ossabaw pigs were fasted for 72 hr at 35 C in stainless steel cages and given 25 ml of .9% saline orally every 12 hours. Blood samples were drawn again at 12 and 24 hours 9 In addition, 12 newborn Yorkshire and 10 newborn Ossabaw pigs were exsanguinated, and body composition determined by the modified 42O JOURNAL OF ANIMAL SCIENCE, Vol 9 53, No. 2, 1981 proximal analysis procedure of Hartsook and Hershbe rger ( 1963) .
Four milliliters of blood were collected in tubes containing .2 ml of a 10% benzamidine -.2% heparin solution. Benzamidine-hydrochloride 4 was used as a stabilizer for plasma glucagon (Ensinick et al., 1972) . Plasma was separated by centrifugation at 3,000 • g for 20 minutes. Samples were stored at -20 C until analysis. Plasma glucose was determined by glucose oxidase method 4, while free fatty acids (FFA) were titrated against a palmitate standard (Kelly, 1965) . Insulin was determined by a modified version of the double antibody radioimmunoassay of Hales and Randle (1963) . Insulin was iodinated by the method of Greenwood et al. (1963) . Growth hormone (GH) was monitored by radioimmunoassay, by the methods described for insulin, as further modified by Sinha et al. (1972) . Glucagon was determined with specific pancreatic glucagon antisera received from the laboratory of R. H. Unger (Dallas, TX) . A competitive protein binding assay similar to that described by Murphy (1967) was used to determine plasma cortisol. Triiodothyronine (T3) and thyroxine (T4) were determined with a radioimmunoassay kit s. A complete description of assay procedure and validation is provided in the Appendix.
Differences in mean hormone and metabolite concentrations between feral and domestic pigs were computed at each time interval by the Student's t-test (Steel and Torrie, 1960) . The Fisher-Irwin exact test (Bhattacharyya and Johnson, 1977) was used for the analysis of differences in survival at 12-hr intervals during the fast.
4 Sigma Chemical Co., St. Louis, MO. s Fisher Scientific Co., Pittsburgh, PA.
Results and Discussion
Physical measurements of newborn Yorkshire and Ossabaw pigs are presented in tables 1 and 2. In spite of a large variation in birth weight, the concentrations of dry matter, lipid, protein and ash were consistent within each breed. Dry matter, lipid and ash concentrations were higher in newborn Ossabaw pigs. Among the animals used in the fasting study, birth weights were higher for Yorkshire than for Ossabaw pigs (table 2) . Survival through 72 hr of fasting was lower among Yorkshire pigs.
Concentrations of metabolites and hormones are presented in tables 3 and 4. Yorkshire and Ossabaw pigs had similar plasma glucose and FFA concentrations at birth. After 12 and 24 hr of fasting, plasma glucose remained similar for the two breeds, while plasma FFA concentrations were higher in Ossabaw pigs at both points. Throughout the study, plasma insulin in Yorkshire and Ossabaw pigs remained below the sensitivity level of the assay (2.5 /aU/ml). At birth, plasma GH was lower and plasma T3 higher in Ossabaw pigs than in Yorkshire pigs. Concentrations of T4, cortisol and glucagon were similar for the two breeds prior to fasting. After 12 hr of fasting, GH and T4 concentrations were lower and plasma glucagon higher in Ossabaw pigs, while no differences were found in T3 and cortisol concentrations. After 24 hr of fasting, concentrations of GH, T4 and cortisol were lower in Ossabaw pigs than in Yorkshire pigs, while plasma glucagon was higher in T3 concentration remained similar.
Yorkshire and Ossabaw pigs had similar concentrations of metabolites and hormones at birth, with the exceptions of lower plasma GH and higher T3 concentrations in newborn Ossabaw pigs. During fasting, Ossabaw pigs had lower plasma GH and T4 and higher glucagon and FFA concentrations. It is pro- posed that some of these differences in blood factors were associated with the higher survival rate among Ossabaw pigs during fasting.
The results indicate that lower plasma GH and(or) higher T3 concentrations at birth are associated with improved survival. Previous work has shown that plasma GH in newborn pigs is higher than that in pigs of 3 days or older (Swiatek et al., 1968b) . In addition, plasma GH concentrations continuously increase as newborn pigs are fasted, whereas GH concentrations in older pigs increase and plateau during early periods of fasting (Swiatek et al., 1968b) . Others (Swiatek et al., 1968a; Mersmann and Phinney, 1973; Curtis, 1974) have demonstrated that gluconeogenesis, fatty acid oxidation and temperature regulation, which are defective in newborn pigs, are ameliorated by 3 days of age. Lower GH concentrations in newborn Ossabaw pigs may indicate advanced metabolic maturity; however, the metabolic significance of lower plasma GH is not evident. Thyroid hormone concentrations have been shown to correlate well with mitochondrial oxidative activity (Lee and Lardy, 1965; Winder et aL, 1975) . Domestic newborn pigs are unable to oxidize fatty acids (Mersmann and Phinney, 1973) . Higher plasma T3 concentrations in newborn Ossabaw pigs would indicate a greater potential for fatty acid oxidation. Together, higher quantities of carcass lipid and enhanced oxidative activity at birth may have improved survival among fasted newborn Ossabaw pigs.
During fasting, lower plasma T4 and higher glucagon and FFA concentrations may have been associated with improved survival of newborn Ossabaw pigs. Studies with rats have shown that plasma T 3 and T4 decreased with fasting (Harris et al., 1978) . Lower T4 concentrations in fasted newborn Ossabaw pigs suggest that these animals were responding faster and more normally to this stress. Infusion of glucagon into 5-day-old pigs enhances hepatic glucose production but does not affect plasma glucose concentrations (Helmath amd Beiber, 1975) . Higher plasma glucagon concentrations may have increased gluconeogenesis in newborn Ossabaw pigs without altering plasma glucose concentration. However, Ferre et al. (1978) showed that glucagon was a secondary activator of gluconeogenesis in neonatal rats and that available fatty acids were a primary activator. Oral infusion of lipid alleviated gluconeogenic failure in neontal rats through increased availability and oxidation of fatty acids (Ferre et al., 1978 (Ferre et al., , 1979 . Increased survival among newborn Ossabaw pigs may be due to increased availability of FFA during fasting, as well as to a greater potential for gluconeogenesis 
Appendix
Cortisol A .05 M phosphate buffer, pH 7.4, was used throughout the assay. Hydrocortisone a, used as a standard, was dissolved and stored in ethanol at 10 /ag/ml. Just before use, the standard was diluted to 250 ng/ml in the assay buffer. Cortisol binding globulin (CBG) solution was prepared by the addition of [1,2,6,7-3H(N)]-cortisol 6, previously dried and redissolved in ethanol at 100 /aCi/ml, to the assay buffer containing 10 vg/liter disodium ethylenediamine-tetra acetate (EDTA) and 3% dog plasma. The final concentration of the CBG-3H-cortisol was 40,000 6 New England Nuclear, Boston, MA. 7 j. T. Baker, Phillipsburg, NJ. cpm/ml. After mixing, the CBG-3H-cortisol was allowed to equilibrate for several hours at room temperature before it was used in the assay or frozen and stored.
Serum samples and standards (200 /11) were extracted with 5 ml methylene chloride 7 in 15-ml glass stoppered tubes. One-milliliter aliquots of the methylene chloride layer were removed in duplicate, added to 12 x 75 mm disposable glass tubes and evaporated to dryness overnight.
The next day, 500 ~tl of assay buffer were added to all tubes and the assay was performed by the folIowing steps: (1) 500 #1 of CBG-3H -cortisol was added to each tube, vortexed and incubated for 10 rain at 45 C; (2) the tubes were transferred to an ice water bath and incubated for 10 min; (3) 1 ml ice cold, dextran-coated charcoal (.625% charcoal, .0625% dextran) was added to all tubes, which were then vortexed and incubated in the ice water bath for an additional 10 min; (4) the tubes were centrifuged for 10 min at 3,000 rpm, and (5) 1 ml of the supernatant was transferred to scintillation vials, 10 ml Triton-X s was added and the vials were counted in a liquid scintillation spectrometer (Beckman, LS-5000).
Insulin lodination. Porcine insulin 9 (2.5 gg; 615-D63-10) in 2.5 ~1 distilled water was iodinated in a closed serum vial. The following solutions were injected through the rubber stopper in the order listed: 25 #1.5 M phosphate buffer, pH 7.5; .5 mCi 12sI in .1 M NaOH, high concentration6; 30 #g chloramine-T in 15 #1 .05 M phosphate buffer; after 10 sec incubation, 125 gig sodium metabisulfite in 50 gl .05 M phosphate buffer, and 100 #1 1% KI, 16% sucrose solution. The iodination solution was then layered on a 10 ml disposable column packed with Bio Gel P-410 in .05 M phosphate buffer and coated with bovine serum albumin (BSA). The aliquots containing 12Sl_insulin were further diluted in phosphate buffered saline containing 1% BSA (PBS-BSA) for testing and use in the assay. A specific activity of approximately 90/~Ci/#g was obtained.
Assay. 72 hr incubation, 3 ml PBS were added to each tube, the tubes centrifuged at 3,000 rpm for 30 min and the supematant decanted. The tubes were counted in a gamma counter (Beckman; Gamma 4000).
Growtb Hormone
The growth hormone radioimmunoassay was similar to the insulin radioimmunoassay, except for the following modifications.
Rat GH for iodination (NIAMD-GH-I-2) was dissolved in .01 M NH4HCO3, pH 8.5. The reaction time was 30 seconds. A Bio Gel P-60 column was used for an initial purification of the 12s I-GH. The iodinated material was further purified with a Sephadex G-10013 column. A specific activity of approximately 80 I~Ci/t2g was obtained.
Rat GH standards (NIAMD-GH-RP-1) were initially dissolved in .1 M NH4HCO3, pH 8.5, before being diluted in PBS-BSA. The primary antiserum (NIAMD-Anti-Rat-GH-GHS-2) was used at a dilution of 1:10,000 in 1:400 normal monkey serum. The 12SI_GH was added at a concentration of approximately 7,000 cpm/100 #1. The goat anti-monkey gamma globulin 14 was used at a dilution of 1:20.
Glucagon
The assay was performed in 12 x 75 mm disposable glass tubes, with an incubation temperature of 4 C and an assay buffer of .05 M sodium phosphate buffer, pH 8.6, containing 1% normal sheep serum, .25% albumin and 1:10,000 merthiolate. Plasma samples were prepared by the mixing of 1.5 ml blood with 100 /~1 of a .1 M benzamidine, 300 /aU/ml heparin solution. On the first day of the assay, 200 #1 sample of beef-pork glucagon standard 9 (258-V016-36), 400 #l assay buffer, 100 gtl M benzamide and 400 #1 rabbit anti-beef-pork glucagon is at an initial dilution of 1:6,670. One hundred microliters 12Sl.glucagon 6 , approximately 7,000 cpm/lO0 /A in the assay buffer) and .5 ml dextran-coated charcoal (.5% charcoal, .25% dextran) were added on days 2 and 5, respectively. Forty-five minutes after the last addition, the tubes were centrifuged at 3,000 rpm for 15 min, and 1-ml aliquots were transferred to 12 • 75 mm tubes and counted in a gamma counter (Beckman; Gamma 4000).
Validation
The intraassay coefficients for the assays described here were calculated from the first 60 duplicates of randomly selected assays. The interassay coefficients were calculated from a sample run in duplicate in five assays. The intra-and interassay coefficients for the cortisol binding assay were 1.7 and 3.5%, respectively. Percentage recovery of cortisol from porcine serum was 103%. Estrogen and progesterone showed 0 and 16% crossreactivity, respectively. The minimum detectable limit of the assay was 2.5 ng/tube.
The intra-and interassay coefficients for the insulin radioimmunoassay were 4.4 and 5.2%, respectively. Recoveries of bovine insulin in serum and porcine insulin from porcine serum were 99 and 115%, respectively. The minimum detectable limit of the assay was .635 #l/tube.
The intra-and interassay coefficients for the GH radioimmunoassay were 9.9 and 8.3%, respectively. Recoveries of rat GH from both rat serum and porcine serum were 97 and 79%, respectively. Porcine serum run at four concentrations, from 50 to 200 #1, gave a parallel curve with a reading of 16.5 ng/ml (CV= 1.7%). The minimum detectable limit of the assay was .1 ng/tube. Cross-reactivities with rat follicle stimulating hormone, luteinizing hormone, thyrotropin were .0, 0, 0 and 1.6%, respectively (NIH, Rat Pituitary Hormone Distribution Program, Rat Growth Hormone Radioimmunoassay Protocol Sheet, 1977) .
The intra-and interassay coefficients for the glucagon radioimmunoassay were 8.7 and 8.3%, respectively. The minimum detectable limit of the assay was 20 pg/tube. Crossreactivity of pancreatic beef-pork glucagon antibody has previously been reported (Unger et al., 1961; Eisentraunt et al., 1968) .
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